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FOREWORD 

Tht work rtporUd h«rt was ptrforatd by Atoaics Intornational, 

a Division of North Aasriean Aviation, undsr tho auspicts of tht 

Dtpartatnt of Dtfons« through the Advanced Research Project Agency. 

Contract AF 33(657)-7136 issued under ARPA Order No. 24.61, 

Project 002, "Materials Thersal Properties" was adainistered by the 

Directorate of Nateriala and Processes, Deputy for Technology, 

Aeronautical Systeas Division, with Mr. Hyaan Marcus acting aa 

project engineer. This report covers work conducted froa October 

1, 1961 to Deceaber 31, 1961 

This investigation is an extension of work previously per- 

foraed under Contract AF 33(6l6)-679(». The present work is under 

Dr. S. C. Carniglis of the Fuels and Materiala Departaent. 
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ABSTRACT 

A status report is presented on the developaent of the 

transient theraal property apparatus described in Parts I and II 

of WADD-TR-0O-58I. Refineoents of the apparatus are described and 

results of neasureaents are given for the thersal diffusivitj of 

tantalus fro» 1500° to 16^00C and for the diffusivity of circoniua 

carbide fros 1300c to l600eC. The status of theraal property 

aeasureaents by existing techniques is included. Results of 

theraal conductivity aeasureaents of zirconiua carbide froa ^O0 

to l820eC and of the specific heal of titaniua carbide froa 100* 

to 730''C are shown. 
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STÜ3T OF THERMAL PROPERTIES OF REFRACTORIES 

by R. E. Taylor and K. M. Nakata 

I.  I»TRODUCTim( 

Tita pris»ry purpose of tftis project is to aeaeura, describe, 

and understand the theraal properties of refractory saterisls 

fron anbient tesperature to teeperatures approaching tne aelting 

point. This quarterly progress report covers tne period froa 

October I, 1961 to Dsceaber $1,  l%l. 

Kinor codifications of the apparatus for transient theraal 

property seasuresents nave been sade, based or. th« operating 

experience accuaulated to date. Greater ease in the critical 

alignsent of sasples was achieved. Heusureaents on tantalue 

were extended to encoapass the range 1500er to 1650CC.  Results 

nave, with few exceptions, been within a aaxiaua deviation of 7% 

froa literature values and have been typically within >*%.    Measure« 

aents on "as-received" and "heat-treated" zirconiua carbide were 

aade froa IJOO0 to 16000C. This phase of the work is described in 

Section 11. 

In order to obtain inforaation on the theraal properties of 

refractory saterisls during the developaent of new approaches and 

to provide inforaation for intercoaparing results, an effort uti- 

lizing existing techniques has been aaintained.  Previously 

obtained results on the theraal conductivity of titaniua carbide 

were verified off-site. Thermal conductivity results on three 

specimens of zirconium carbide are reported from '♦500 to l820oC. 

This work is described in Section III. 

The specific heat of one sample of titanium carbide was 

measured from 150° to 750oC by the pulse heating technique. The 

results are described in Section IV. 
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II. STATUS REPORT ON TRANSIENT THERMAL PROPERTY APPARATUS 

Ttt« transient tberaai diffusivity apparatus has beta par- 

forsäng satisfactorily up to approxieauly le506C. Sinct tba 

last report, additional »»asuresents wtre obtained for tantalua 

in the tesporaturc rang« IjOO* to l£§OeC, and also for tirconiu« 

carbide in the ran«« IJQO* to l60O9C. 

The reproducibilit.y of the pnoto@lectrie pyroseter output 

has been brougnt up to a high l*vsl  with very little background 

noise. A positioning device Can aoaptation of a sicroscope 

stage] was also incorporated to faciUtate tne alignaent of the 

collisator with the saapie and pyroseter. The technique for 

aligning the sasple, snieidir.gs, coUieator, and pyrooeter has 

been icgproved. The only difficulty experienced with the present 

setup is ir. the design of the upper radiation shields. At 

tesperatures above leCO'C, esjiecially after several theraal 

cyclings, there is a tendency for the tantalua shields to shift 

out of place due to thersal expansion. The ccraaic sight tubes 

are then alao  forced out of alignaent with the saep'ie holes. 

This is indicated Irxediatcly on the chart as an abrupt change 

in the photocurrent. 

A new shielding designed to prevent this difficulty has 

been designed, and the fabrication of the parts is under progress. 

In the aeantiae, ae&sureeents up to 1600° and possibly to 1700oC 

car. be continued using the existing shieldings. 

Table I shows the thermal diffusivity values obtained for 

two samples of tantalum. The first 6 runs are for sample Ta-A-1; 

runs 7 through 1<* are for sample Ta-B-1. The data are also 

shown in Figure 1. 



- 3 - 

TABLE I 

Thcrnal Diffusivily of Tantalua 

o en /«ec 

Run No. 1300eC l««O0oC 1500eC l600oC X650CC 

1 .215 .215 

2 .228 .203 

} .215 .203 

k .209 .215 

5 .222 .22«. 

6 .210 .252 

7 ^O .236 

§ .215 .225 

9 .216 .232 

10 .212 .215 .22* .217 .237 

11 .195 .227 .260 .225 

12 .202 .211 .237 

15 .205 .239 

I*« .192 .21«. 

The short solid horizontal lines in the Figure represent the aean 

at each of the tcaperatures. The standard deviations at l<*00o and 

15000C are 0.012 and 0.013 ca /sec, respectively. For comparison, 

the diffusivity values calculated fros specific heat and theraal 

conductivity data previously obtained at this laboratory are 

shown by seans of the broken line. As one can see, the agreenent 

between the transient data and the calculated data is very good. 

The apparent scarcity of data at 1300oC is not due to experi- 

mental difficulty, but simply because more data at the higher 

temperatures were sought. 

A closer check on the reliability of the data can be made if 

the shifting of the pyrometer between the sight holes is kept to 
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not «ore than two cycles per chart span, einply because any 

saall fluctuation in the photocurrent output due to sero shift- 

ing or Risalipueent can be detected with core certainty. In 

other words, too »any cycles uill  hawe the tendency of »ashing 

the mall fluctuations. Gftch run, tnerefore, gives data o»er 

a liaitod teaperature interval of approximately 150«, but with 

better reliability. 

The sirconiuo carbide test results are given in Table II, 

and are alao shown in Figure 1. The sirconiue carbide was 

obtained fross the Carborundum Co., Niagara Falls, New Tork, and 

was fabricated by hot pressing techniques. Three diffusivity 

sssples were machined out of tne as-received compact. The sample 

reported here, ErC-H-l, had a density of 6.2fc g/ca3 before the 

diffusivity runs. 

TABLE II 

a ca /sec 

Run No. 1300«C li.00oC 1500«C 16000C 

1 .123 .124 .123 
2 .125 .136 
3 .126 .128 .129 .142 
k .113 .117 .126 .138 
5 .121 .126 .138 
6 .114 .120 .133 
7 .120 .121 

The reproducibility of data was much better with zirconium carbide 

than with tantalum, which is understandable if one compares the 

diffusivities of the two materials. Since the experimental data 

consists of measuring the time interval At in the equation3 
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• largtr diffusivity «fill mean a saaller &t.    The precision of 

aeasureaents will therefore increase with decreasing diffusivity 

values. 

The aean at each teaperature is again indicated with short 

solid lines, and the calculated value at 150OeC is indicated 

with a short broken line. The value used for theraal conduc- 

tivity was obtained froa Section Ul  of this report, ani  the 

value of specific heat was obtained froa Southern Research 

Institute.  The standard deviations at 1<«0D* and 1500*C are 

• OO4» and .006 ca /sec, respectively.  It should be noted here 

that two preliainary runs gave diffusivity values of .080 and 

.092 cm /sec, but th«? source of this discrepency has not been 

determined. Additional measureaonts with different samples of 

zirconium carbide are contemplated with the aim of determining 

whether this anomaly is real or due to experimental fault. 

Two titaniux carbide sasples have been procured, and 

machining of one of these samples has been coapleled so that 

test runs may be made in the near future. 
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III. STATUS REPORT OJS STEADY STATE THERMAL COSOOCTIVITT APPARATUS 

Th« th«rssil eonductivUjr of tU^niua carbide MAS previously 
5 

ne»6ured and reported.  These results are in serious disagree- 

nent with the results of Vasilos and Kingery who are the only 

other investigator of the high teeperature thersal conductivity 

of this «aterUS. Therefore, senples of titaniua carbide were 

sent to 3r. Michael Hoch of the University of Cincinnati who 

agreed to act as an independent observer. Or. Hoch aade two 

sceasureaents of the ratio of tne theraal conductivity to the 

total enissivit; ani obtained ?  > 0.51^ and 0.291 at 966e and 

li»76.ec, respectively. He assuned that the total eseissivity of 

titaniua carbide was identical to that of titaniua setal (0.23 

at 966c and 0.51 at l*»?*»^). Using these values for- , the 

thermal conductivity was calculated to be 0.079 eal/cs*eC«sec 

at 966c and O.C90 cal/cse «C sec at l*»?««^. The total esissivity 

of titaniua carbide is believed to be soaewhat higher than that 

of tne aetal and, tnerefore, the above values are in good agree- 

aent, with respect to both aagnitude and teaperature coefficient, 

with the results obtained in this laboratory. 

The theraal conductivity of three sasples of zirconiun 

carbide was aeasured froa '•506 to l820eC in the steady state 

apparatus/ These results are given in Table III and plotted in 

Figure 2. 
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TABLE III 

ThTMl Cooduetitflty of Ureonlug Cgrbidt 

ThT—1 Conduetlwity. fl/f0C'««e 

Data Posr,t SMtplt 2 SMolt 

1 0.0787 
2 0.0771 
5 0.0798 
k 0.0785 
5 0.0851 
6 0.077} 
7 0.079,• 
8 0.0782 
9 0.0768 

20 0.0720 
11 0.08M) 
12 0.0815 
U O.O856 
1* 0.07,»9 
15 O.O838 
16 0.0851 
17 0.0856 
lä 0.0822 
19 0.08<«0 
20 0.0868 
21 0.0785 
22 0.0777 
23 0.0832 
2'* 0.0785 
25 0.101 
26 0.0950 
27 0.0968 
28 0.0909 
29 0.0885 
30 0.0925 
31 
32 
33 
3^ 
35 
36 
37 
38 
39 
kO 
41 
k2 
43      0.0850 

695 
783 
899 
607 
726 
803 
917 
851 
775 
5*.8 
777 
698 
826 
5*»7 
626 
728 
665 
7'»1 
833 
941» 
7*»2 
888 
783 
718 

1343 
1^63 
1524 
1586 
1258 
1320 

0.0989 1231 
0.0932 1338 
0.0917 1440 
0.0922 1569 
0.102 1368 
0.0979 1435 
0.0942 1500 
0.101 1618 
0.0927 1703 
0.0976 1654 
0.101 1825 
0.086 1100 

1023 

V 
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It can h9 see» In Figur* 2  thai the values obuin«d on the thrtt 

specimas  ovtrUp, und all ihe data can he described within 10* 

by one curve. The thernal eondartivit; of airconius carbide 

increases with increasing tesperature in a nanner siailar to 

that previously observed for titanlu» carbide. In fact the curves 

are alstast parallel fro« ^0* to ll20*C witn the conductivity of 

slrconlus carbiie displaced about 0.01 cal/cw'C'sec below that of 

titaniua carbide. 

The only otner sugh tenperature thers»! conductivity seasurc- 

sents on sirconlue carbide wtr» recent!T «»de at Southern Research 
k 

Institute.  The present results are approxisately iO% below 

their ssooth*d value at 5W9Z  and IfM ttlo*  their ssoothed value 

at 1SC08C. »owtvsr, the scatter in tne Southern Research Institute 

data, especially fc«tw««n data obtained or. different speeiaens, was 

such as to encosxpass tne present results. The ssooth curves gen- 

erated at Southern ^esearcn Institute and our laboratory are within 

the coebined expertscatal *rror of 11%  above 1000CC. 

Th« sirconlus carbide specimens used ir. the present work 

were cot pressed spcc&sens obtained fros the Carborundua Coapany. 

They are characterised in Table IV. 
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TABLS IV 

tog Swtplt jiglgrigg 

Fabrication Natliod 

Fabrication Data 
Dansit^ g«/ca* 

X-ray Baaulta 

Microatruciura 

Cbenical Anslyain of Powdar 

-:. % :'r 

Vt. % C 

Vt. % Fe 

•I. % Other Matala 

Chexical Analyaia of Hot 
Praaaad Matarial - Aa- 
Raeaivad 

Vt. * Zr 

Wt. % C 

Wt. %  P« 

Wt.  -*. Other Hctala 

At Conclusion of 
Kcaauraaenta 
Wt. % Zr 

Wt. « C 

Wt. * Ft 

Wt. % Other Metals 

Saapla »o. 2 Saapla Wo. 3 Saapla Wo, » 

Rot praaaad Hot praaaad Hot praaaad 

I960      1957      I960 

6.U      6.17      6.18 

SingU pbaaa Siafla pbaaa Siagla pbaaa 

87.9^ 
11.50 

0.1 

0.2 

87.6 87.85 
12.1* 

0.59 

0.55 

11.50 

0.1 

0.2 

87.6 

* Under Investigation 

** Unknown 

"• To be Deterained 
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IV.    STATUS REPOif? &i PULSE HEATING T£CHKiqU£ FOR SPECIFIC HEAT 
DETSKMIKATIONS 

• 

Tbt •I«ctrical resistivity of • sp«cia«a of titsniun 

esrbid« MSS previously ncssurcd fro» 23°  to 780oC.  This 

specisen MSS pulso hestod over th« saae tenperatur« range sad 

tbe specific heat determined. The results are shown in Figure 

5* The results of Kaylor. the only other investigator of the 

specific heat of titaniua carbide stove rocs teeperature, are 

also shown in Figure }. Tne data agree within 5%  above ^00C. 

vhe najor probes hindering efforts to aeasure sptcific 

heats to ttte selting temperature is the lack of accurate electri- 

cal resistivity data at high tesperature. Developsenul work on 

this apparatus is continuing. 
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